Asian seabass or barramundi (Lates calcarifer) is an important food fish with commercial value and a wide geographic distribution. Though some reports based on molecular and/or morphological data exist, a comprehensive effort to establish species identity across its range is lacking. In order to address this issue and especially to ascertain whether the wide-spread distribution has resulted in bifurcation of the species, we collected Asian seabass samples from various locations representing the Western and Eastern Coastline of India, Andaman and Nicobar Islands, Bangladesh and Australia. Samples from Malaysia, Indonesia, Thailand and Singapore were collected as part of a previous study. DNA sequence variations, including cytochrome c oxidase subunit 1 (COI), 16S rDNA and the highly variable D-loop (or control region), were examined to establish species delineation. Data from all the sequences analyzed concordantly point to the existence of at least two distinct species-one representing the Indian subcontinent plus Myanmar, and a second, representing Southeast Asia (Singapore, Malaysia, Thailand and Indonesia) plus Northern Australia. These data are useful for conservation ecology, aquaculture management, for establishing the extent of genetic diversity in the Asian seabass and implementing selective breeding programs for members of this species complex.
INTRODUCTION
Teleost fishes are the most diverse group of vertebrates (Froese and Pauly, 2014) , due to which their classification is difficult, especially at the morphological level. It is thus not surprising, that over the years, DNA-based species identification has become popular with obvious merits including ease of use, applicability at any stage of development/state of specimen as well as worldwide transmissibility. For the majority of animals, a 648 bp region of the mitochondrial cytochrome c oxidase subunit 1 (COI) has been established as the stretch of DNA sufficient enough to identify variation among species (Hebert et al., 2003) .
Asian seabass or barramundi [Lates calcarifer (Bloch, 1790) ] is a commercially valuable, carnivorous, marine teleost fish belonging to the order Perciformes, the largest order of vertebrates, comprising ∼40% of all bony fishes (e.g., cichlids, sunfishes/bluegills, damselfishes, basses, and perches) (Nelson, 2006) . The representatives of Asian seabass are catadromous-they are born in seawater, then spend most of their lives in freshwater and migrate to the sea only to breed, a task achieved by their ability to tolerate the complete range of salinities (Moore, 1979; Moore and Reynold, 1982) . In addition, the Asian seabass has a wide geographic distribution, its natural range being the tropical IndoWest Pacific region, including the whole of Southeast (SE) Asia, Taiwan stretching to Papua New Guinea and Northern Australia. On the other end, it is found in the Bay of Bengal to at least the Western part of India (Yue et al., 2012) . It is an important fish species from an aquaculture perspective. Its farming was initiated in the 1970s in Thailand, followed by a rapid spread to Singapore, Malaysia, Indonesia, Taiwan, Brunei, Hongkong, China, Saudi Arabia, and Australia (Chou and Lee, 1997; Frost et al., 2006; Zhu et al., 2006) . Some morphological and molecular evidence exists in support of Asian seabass from a few geographic locations likely to be distinct species (Ward et al., 2008; Pethiyagoda and Gill, 2012) . However, a comprehensive survey of genetic and "species" diversity of Asian seabass across its whole range is still lacking. Thus, it is not exactly clear how closely related the Asian seabass from the Western coast of India are to those found in Australia, also their relationship with their SE Asian counterparts is also not yet resolved. This study was thus initiated with the main aim of addressing the existing ambiguities and also for ascertaining the species delineation across most of its native geographic range. DNA sequences from three mitochondrial markers including cytochrome c oxidase subunit 1 (COI), 16S ribosomal RNA gene (16S rDNA or 16S) and the highly variable control region (or D-loop) were analyzed and evidence was obtained pointing to a splitting of the originally defined Lates calcarifer, one representing SE Asia plus Northern Australia and the other representing the Indian sub-continent plus Myanmar. In addition, truss morphometric data was used for discriminant function analysis to study differences at the morphological level between the two genetically identified species.
MATERIALS AND METHODS

SAMPLE COLLECTION AND DNA ISOLATION
Wild Asian seabass were procured from different locations along the Western and Eastern coastline of India as well as the Andaman and Nicobar Islands. The freshly caught fishes were obtained from the landing centers followed by sample collection. In each case, the pectoral and/or caudal fins were collected into a vial containing 80% ethanol, which was labeled with the identity of the fish. Ten wild individuals were also caught from the Bay of Bengal and obtained from Cox's Bazar, ∼400 km away from North-East of Dhaka, Bangladesh. The dorsal, pectoral and tail fin were cut and stored in absolute ethanol. Three wild populations from South China Sea (near Malaysia, Indonesia and Thailand) and one farmed population raised at the Marine Aquaculture Center, AVA, Singapore were sampled as part of an earlier effort to study population differentiation of SE Asian and Australian seabass using microsatellite loci (Yue et al., 2009) . For this study, we used 70, 59, 58, and 30 individuals from Malaysia, Indonesia, Thailand and Singapore, respectively (for details on the samples see Table 1 ). Five representative individuals collected from estuaries between the Yangon and Sittang rivers (Myanmar), 5 from Queensland, Australia and 4 from Western Australia reported in an earlier study (Ward et al., 2008) were also incorporated in the phylogenetic analyses based on COI sequences (Figures 1, 2 , Table 1 ). Asian seabass from the various locations were classified into the following 11 regions: India-Western Coast (I-WC), India-Eastern Coast (I-EC), India-Andaman and Nicobar Islands (I-AN), Bangladesh (BAN), Myanmar (MYA), Thailand East Coast (THA), Malaysian Peninsula East Coast (MAL), Singapore (SIN) and Indonesia (South of Jakarta; INA), Australia-Western Australia (AUS-WC), and Australia-Queensland (AUS-EC).
Genomic DNA from the SE Asia samples was isolated using a method described previously (Yue and Orban, 2005) . It was, however, difficult to obtain reasonably good quality DNA from Bangladesh and Indian region samples (except Chidambaram, India) using this method. Therefore, for these samples, the MagAttract HMW DNA kit (Qiagen), which makes use of a highyield magnetic bead-based method for the purification of DNA, was used.
For the Chidambaram samples, each fin clip was thoroughly homogenized using a sterile pestle in 500 μl of nuclei lysis buffer (0.1 M Tris-Cl, 0.1 M EDTA, 0.01 M NaCl and 0.5% SDS). An additional 500 μl nuclei lysis buffer, containing 10% SDS and 20 μg Proteinase K was added and the samples were incubated at 60 • C for 2 h. Then 300 μl of 6N NaCl was added and the samples were centrifuged at 3500 rpm for 35 min. The supernatant was transferred to a fresh tube and the DNA was precipitated with absolute ethanol and washed with 70% ethanol. The pellet was air-dried before dissolving it in 50 μl of nuclease-free water.
SEQUENCING
Lates calcarifer voucher BW-A2480 (GenBank accession number (from here onwards GBAN: EF609382) Ward et al., 2008) sequence was used to design primers (COI-F: CCTATATCTAGT ATTTGGTGCTTGGGCCGG, COI-R: GAACAGATGTTGATAG AGAATGGGATCTCC) to amplify 655 bp of the cytochrome c oxidase subunit 1 (COI) gene. end of the sequence, bases were verified manually by looking at the individual trace files. A minimum cut-off of six individuals was adhered to in most cases, in order to represent each of the eight regions. The primers used for amplification were also used to generate the sequences in each case. However, in those cases (usually the middle, the start and the end of the sequence), where base quality was low and was difficult to unambiguously identify a base, the sequencing was done with primers designed from regions other than the start/end of sequence to verify and resolve low quality regions ( 
SEQUENCE DATA AND PHYLOGENETIC ANALYSES
Sequence editing, multiple sequence alignment [using ClustalW (Larkin et al., 2007) ], estimation of sequence divergence inferred from corrected pairwise distances based on Kimura two parameter (K2P) nucleotide substitution model (Kimura, 1980) , and phylogenetic analyses were conducted with Molecular Evolutionary Genetics Analysis (MEGA) software, version 4 and 6 (Tamura et al., 2007 (Tamura et al., , 2013 . Several methods, including Maximum Parsimony (MP), and Minimum Evolution (ME) as implemented in MEGA4, and Maximum Likelihood (ML) as implemented in MEGA6, were used to reconstruct the phylogenetic trees. Lates niloticus (Linnaeus, 1758) represents one of the 11 valid species of Lates (Froese and Pauly, 2014) for which both COI and 16S rDNA sequences were available in Genbank. They were therefore retrieved and used as an outgroup to root the inferred trees. For the model-based methods, the K2P substitution model was applied for ME analyses (for all datasets). The General Time-Reversible substitution model (Lanave et al., 1984) with gamma distributed rate variation among sites (GTR+G) was applied for ML analyses for the COI and D-loop datasets. The Hasegawa-Kishino-Yano (Hasegawa et al., 1985) substitution model with a proportion of invariable sites (HKY+I) was applied for ML analyses for the 16S dataset. The best-fit substitution model for each alignment was deduced using MEGA6 (Tamura et al., 2013) . Finally, the nodal support for each inferred gene tree was assessed by bootstrapping (Felsenstein, 1985) based on 100 pseudo-replicates.
MORPHOMETRIC ANALYSES
The morphometric truss data was obtained on digital images from 22 individuals each from SE Asia and Indian subcontinent. Three softwares generated by F. James Rohlf (life.bio.sunysb.edu/ee/rohlf/software), called tpsUtil, tpsDig and past, were employed for generating truss data from the digital images. tpsUtil was used for converting digital images in ".jpeg" to ".tps" format, tpsDig was utilized to fix landmarks on digital images and to define scale, while past was used to generate the inter-landmark distances. Ten clearly discernible landmarks (1: Tip of the snout; 2: Point on dorsal surface of fish that is exactly perpendicular to the base of pectoral fin; 3: Anterior base of second dorsal fin; 4: Posterior base of second dorsal fin; 5: Dorsal base of caudal fin; 6: Base of central caudal fin rays; 7: Ventral base of caudal fin; 8: Posterior base of anal fin; 9: Anterior base of anal fin and 10: Base of pelvic fin) were identified from the images and used for generating a total of 18 truss morphometric measurements. Since the sampled individuals belonged to different size ranges, the truss measurements were adjusted to account for size variation through the procedure described by Elliott et al. (1995) . The standard length of fish analyzed was used as an indicator of size for adjusting the truss data. The size-adjusted truss variables were then analyzed by discriminant function analysis in SPSS version 17.0 for windows. Standardized canonical discriminant function coefficients and coefficients in structure matrix were used as the criteria to identify the discriminating variables between two species.
RESULTS
ANALYSES OF SEQUENCE VARIATION FROM COI SHOWED TWO MAIN "GROUPS" OF ASIAN SEABASS
A 655 bp fragment, inclusive of the 648 bp of the partial mitochondrial COI, recognized as the official DNA barcode for animals (Hebert et al., 2003) was amplified and sequenced from the DNA isolated from a total of 71 Asian seabass samples collected at I-WC, I-EC, I-AN, BAN, SIN, INA, MAL, and THA (Figure 1 ; Table 1 ). For the remaining three regions (MYA, AUS-WC, and AUS-EC), the 14 sequences reported in an earlier study were also included for the analyses (Ward et al., 2008) . Representative pictures of the Asian seabass collected for this study from the different sampling locations are shown in Figure 2 . A larger number of sequences were generated for I-WC (18 sequences) and I-EC (15 sequences) to account for the wide range of sample collection points (Figure 1 ; Table 1 ). Finally, a total of 86 COI sequences including 85 for Asian seabass individuals from the 11 regions plus one from the outgroup were compiled and their ML, MP, and ME trees were constructed based on the aligned sequences.
Regardless of the method used, the Asian seabass sampled could be subdivided into three clades in the trees (Figure 3) . The first clade (with ≥94% bootstrap value) (henceforth referred to as Indian region/Indian clade/India) contains the Asian seabass (52 samples) collected from various locations across the Indian subcontinent as well as Myanmar. The Asian seabass from SE Asia (24 samples) formed a second well-supported clade (≥98% bootstrap value). Within this clade, all the nine samples from Australia existed as a separate clade (≥96% bootstrap value). (Figure 3) . Thus, based on the phylogenetic analyses, a total of four genetic groups of seabass could be recognized, these included Asian seabass from Australia (Group A), Malaysia/Indonesia/Thailand/Singapore (Group B) and the Indian region/Myanmar (Group C) as well as Lates niloticus (Group D or outgroup). When COI sequence divergence among taxa was estimated within Group A, the nine sequences reported for Western Australia (4; AUS-WC) and Eastern Australia (5; AUS-EC) were 100% identical to each other. Apart from them, the pairwise comparisons for the sequences from Group B and Group C showed a very low level of intra-group sequence divergence (0.09 ± 0.10% and 0.08 ± 0.10%, respectively). However, these two groups showed an almost 100-fold difference (8.84 ± 0.96%) when compared with each other. Amongst the three groups of Lates calcarifer, Groups A and C were most divergent from each other (9.35 ± 0.09%) while Groups A and B were the least divergent (0.94 ± 0.09%). All these three groups showed a similar percentage of divergence when compared to the Lates niloticus COI sequence (Table 2; Supplementary Figure S2 ).
ANALYSES OF 16S SEQUENCES ALSO INDICATED THAT ASIAN SEABASS FROM THE INDIAN AND SOUTHEAST ASIAN REGIONS FORM TWO DISTINCT "GROUPS"
Amongst the commonly used mitochondrial genes for barcoding: cytochrome b (CYTB), COI and 16S, the latter exhibits the least nucleotide substitution rate. This attribute makes it unsuitable for the identification of closely related species. To assess whether the 16S sequence exhibits variability between the two groups (Indian region vs. SE Asia), a 493 bp fragment was obtained from 20, 15, 6, 9, 11, 9, 9 , and 6 Asian seabass individuals from I-WC, I-EC, I-AN, BAN, SIN, INA, MAL, and THA regions, respectively. Two distinct clades with strong bootstrap support (>90%) were obtained (for ML, MP as well as ME trees), one for the Indian region and the other for the SE Asian region (Figure 4) . The 16S sequences within each clade were 100% identical, while the two clades showed a 1.90 ± 0.00% of divergence when compared to each other (Table 2; Supplementary Figure S3 ). The two clades showed a 6.40 ± 0.00 and 5.50 ± 0.00% of divergence, respectively, with L. niloticus 16S sequence. Of the 85 sequences analyzed, 50 and 35 represented only two haplotypes-the Indian region and the SE Asian region, respectively.
DISTINCT LENGTH POLYMORPHIC PATTERNS OF AMPLICONS AND SEQUENCE DATA OBTAINED FROM THE MITOCHONDRIAL CONTROL REGION (D-loop) ALSO SUPPORTED THE EXISTENCE OF TWO MAIN "GROUPS" OF ASIAN SEABASS
In total, 4, 8, 7, 5, 6, 8, 5 , and 5 D-loop sequences were obtained from Asian seabass representing I-WC, I-EC, I-AN, BAN, SIN, INA, MAL, and THA, respectively. These along with 10 (PPDSingapore) and 15 (BA-Australia) D-loop sequences reported earlier were used for phylogenetic and sequence divergence analyses. Intra-group variability was lowest for SE Asian population (Group B: 0.80 ± 0.69%) and highest for the Australian population (Group A: 3.03 ± 3.47%). Amongst the groups, sequence divergence showed a similar (but higher magnitude) pattern as COI, with Australian samples (Group A) being similar to the ones from SE Asia (Group B: 7.74 ± 2.52%) and farthest from the Indian region (Group C: 35.74 ± 2.03%) ( Table 2) .
From the phylogenetic results based on D-loop sequences, Asian seabass from the Indian region formed a well-supported clade [24 sequences; ML: 99 bootstrap (BS), MP: 99 BS and ME: 100 BS]. However, those from Australia (15 sequences) and SE Asia (34 sequences) could not be clearly distinguished from each other based on the D-loop sequences. Interestingly, the Asian seabass collected from Andaman and Nicobar Islands formed a distinct subgroup (>97% bootstrap support; ∼3% difference at the sequence level) within the group representing the Indian region ( Figure 5 ). This implies that the hypervariable region from mitochondrial D-loop may provide better information for resolving the relationships from shallow branches of the trees and phylogeographic patterns for Asian seabass from the Indian region. Finally, it should be noted that due to the fragment length polymorphism of the amplified D-loop-derived PCR products, the samples collected from the Indian and the SE Asian region can be easily differentiated with the former being >1 kb in size, while the latter about 900 bp (Supplementary Figures S1, S4 ).
MORPHOMETRIC ANALYSES IDENTIFIED DIFFERENCES BETWEEN THE ASIAN SEABASS FROM INDIAN REGION AND SOUTHEAST ASIA
Molecular evidence pointed to the existence of at least two distinct genetic groups of Asian seabass seeming to have split across its native range. Discriminant Function Analysis was performed to identify the variables that best discriminate these two species. Altogether, 22 Asian seabass individuals from Singapore (SIN) and 22 from India (I-WC, I-EC, I-AN) were used for this analyses. A total of 10 landmarks were used for generating 18 truss measurements (Figure 2A) . The correlation estimates between standard length and original variables were all very high indicating that the variables were influenced by the size ( Table 3 ). The variables were thus adjusted for size by taking into account the standard length. The correlation estimates between standard length and size-adjusted variables were nonsignificant indicating the effectiveness of size correction. The examination of absolute values of coefficients of variables in discriminant function and the absolute values of coefficients of variables in structure matrix indicated that V3, V5, V6, and V7 are more important than other variables for discriminating the two seabass species (Table 3) . These discriminating variables are from the anterior portion of fish abdomen just behind the pectoral fin. The discriminant function could correctly classify about 71% of the individuals analyzed to the respective groups.
WILD-CAUGHT INDIVIDUALS SHOWED THE PRESENCE OF INDIAN "TYPE" ASIAN SEABASS IN THE SOUTHEAST ASIAN POPULATIONS SAMPLED
During the course of sequencing samples from various geographic regions, six out of 11 individuals from Thailand and two out of eight individuals from Indonesia yielded COI sequences identical to those from the Indian region. The Indian origin of these fishes was further verified by their 16S sequences, which were 100% identical to their Indian region counterparts. These individuals along with the Asian seabass from Malaysia represent wild-caught fishes collected from the South China Sea, while those from Singapore were farmed fishes grown at the Marine Aquaculture Center (AVA, Singapore) (Yue et al., 2009 ). In the event that the Indian "type" Asian seabass were present in other locations in the South China Sea, these individuals should have also presented themselves in the Malaysian, but not the Singapore population. In order to ascertain this at a larger scale, we made use of the difference in D-loop size of individuals from the Indian region 911 bp) and that of the Asian seabass from SE Asia (1023 bp). The D-loop region was PCR-amplified from individuals representing the East coast of the Malaysian Peninsula (42), the East coast of Thailand (52), Indonesia (South of Jakarta; 59) and Singapore (30). As expected, all the individuals from Singapore showed the same profile as a typical SE Asian type individual (the PCR product being <1 kb). However, populations from the three remaining SE Asian countries all showed the presence of Indian region-type individuals in varying proportions (Malaysia: 7.14%, Indonesia: 18.64%, Thailand: 42.30%). In the majority of cases, these individuals were also verified by partial sequencing of their D-loop region (as well as COI and 16S) and were found to be the same as those from the Indian region (data not shown).
DISCUSSION
The ability to accurately identify a fish species is valuable not only for stock management and conservation ecology, but also from a commercial angle, since many fishes are farmed and have immense value as a source of food. Few nuclear genes/sequences such as rhodopsin, 5S rDNA, Internal Transcribed Spacer 1 (ITS1), 7S ribosomal protein, β-actin and microsatellites have been used for species identification (Pendas et al., 1995; Chow and Hazama, 1998; Lee and Gye, 2001; Sevilla et al., 2007; Chassaing et al., 2011; Hanner et al., 2011; Collins et al., 2012; Herrero et al., 2012; Rehbein, 2013) . The use of nuclear gene markers provides the advantage of having a larger number of independent loci to analyze and also the ability to identify hybrids (Chen and Mayden, 2010) . However, mitochondrial genes are preferred for barcoding due to the lack of introns, hundreds of copies per cell, haploid genome and a generally higher mutation rate compared to nuclear loci. Amongst the mitochondrial genes, few markers such as CYTB, COI and 16S have been widely used to identify species with COI being recognized as the official barcode sequence in animals (Hebert et al., 2003) . Till date, more than 10,000 fish species have been barcoded by the Fish barcode of life program (FISH-BOL, fishbol.org). The Asian seabass is an important food fish species with a broad native range in Indo-West Pacific. In addition, it has also been introduced for aquaculture in several countries such as Iran, Guam, French Polynesia, USA and Israel (Mathew, 2009) . Its wide acclaim is reflected in the many local names it has been given, including koduva, kalaanji, pandugappa, bhetki, and chonak across India and Bangladesh, ikan siakap in Malaysia and barramundi in Australia. Evidence exists pointing to Asian seabass divergence both at the morphological and genetic level Ward et al., 2008; Yue et al., 2009; Pethiyagoda and Gill, 2012 ; this study). Its taxonomy, however, has not been resolved unambiguously, partly since the previous work has not been comprehensive enough and also since different approaches have been used to assess the diversity across different regions, thus, precluding a direct comparison. Therefore, the main aim of the present study was to resolve and establish the species delineation across most of its natural geographic range.
SEQUENCE ANALYSES IDENTIFIED TWO DISTINCT SPECIES OF ASIAN SEABASS
DNA barcoding of Asian seabass from various locations in Australia, Myanmar and its congeneric Lates niloticus revealed an identical barcode for the nine Asian seabass individuals collected from Australia, but they had a divergence of 9.47 ± 1.22% and 19.30 ± 1.85% from Myanmar seabass and L. niloticus, respectively, based on their COI sequence (Ward et al., 2008) . Similar results were obtained when the samples were barcoded using CYTB sequence. Based on this, the authors proposed that the Asian seabass from the two geographic locations (Australia and Myanmar) were congeneric rather than conspecific (Ward et al., 2008) . A detailed DNA barcoding effort has been lacking for the Indian and South-East Asian region, nevertheless, a genotyping effort relying on 14 polymorphic microsatellite loci revealed genetic differentiation even between the Southeast Asian and Australian population (Yue et al., 2009 ). Further, a comprehensive morphometric analysis done for 45 representatives of Lates specimens from various countries representing its geographic range (Australia, India, Malaysia, Myanmar, Singapore, Sri Lanka and Thailand) by a recent study (Pethiyagoda and Gill, 2012) , concluded by describing two new species: L. lakdiva from Western Sri Lanka and L. uwisara from eastern Myanmar, with the latter being the same specimens barcoded in the earlier study (Ward et al., 2008) . In this study, we embarked on the task of establishing species delineation by obtaining the sequences of 16S, COI and D-loop regions from several individuals representing a wider (but not yet complete) geographic range of this "Lates calcarifer" species. COI sequences from the individuals representing Australia turned out to be identical. Similarly, the ones from SE Asia (0.09%) and Indian subcontinent/Myanmar (0.1%) showed very little sequence divergence amongst each other within the groups. However, sequence divergence between groups was high with Indian region (including Myanmar) showing differences of 8.91 ± 0.13% and 9.36 ± 0.10% with SE Asia and Australia, respectively, identifying two main distinct groups: (1) Indian region/Myanmar and (2) SE Asia plus Australia.
The main question to answer was whether the observed level of sequence divergence sufficient for these groups to be identified as species. For a particular group to merit being considered a distinct species by following the standard protocol using DNA barcoding, it should exhibit low level of intraspecific differences and high level of interspecific DNA sequence variation (Hebert et al., 2003 (Hebert et al., , 2004 Barrett and Hebert, 2005; Smith et al., 2005; Ward et al., 2005) . Ward et al. (2005) barcoded >200 fish species, including mostly teleosts along with chimaerids, sharks and rays and found inter-species variation to be ∼25 times higher than the intra-specific one (∼9.93% vs. ∼0.39%). The within-genus and within-family K2P sequence divergence was much higher at 15.55 and 22.07%, respectively. A similar K2P distance within genera was also seen in a study involving 388 fish species (Ward and Holmes, 2007) . In another study, almost 200 species of the Canadian freshwater fish fauna were inventoried using their COI sequences. Conspecific individuals showed a K2P distance of 0.30%, which was >25 times lower than that of congeneric individuals (8.29%) (Hubert et al., 2008) . This was also similar to the observation in marine fishes, with conspecific and congeneric individuals displaying 0.4 and 9.9% sequence divergence, respectively. In our study, the Indian region/Myanmar Asian seabass showed ∼100 times more variation both against the Australian and SE Asian region in comparison to within group variation (which was quite low for all the groups studied). This indicates that more than one species may exist for Lates calcarifer. On the other hand, the Asian seabass from Australia (Group A) showed ∼ 10× more variation compared to the individuals from SE Asia (Group B). Though most studies have pointed to at least 25× difference, few studies have in fact proposed using a much lesser threshold (10× difference) to help label contingent species (Hebert et al., 2004; Ward et al., 2005 Ward et al., , 2008 Steinke et al., 2009; Zemlak et al., 2009) . Phylogenetic analyses of the faster evolving D-loop sequences showed more variability for three clades (Group A/B/C), however, only Group C (Indian subcontinent) formed a well-supported group. Therefore, although the Asian seabass from Australia does exhibit divergent sequences to SE Asian ones, but in our opinion, not to the extent for it to be classified as a separate species. This will require future studies with more samples and other approaches (e.g., population genetics) to assess the putative reproductive isolation between the populations or "species."
Morphological evidence also exists to support the possibility of Asian seabass to split into distinct species. For instance, Pethiyagoda and Gill (2012) did a detailed morphological analysis and reported two new species in addition to L. calcarifer, one from Sri Lanka (L. lakdiva) and the other from Myanmar (L. uwisara). A total of 35 parameters were examined by the authors, of which 18 were non-overlapping between the two proposed new species: Lates lakdiva (Sri Lanka) and Lates uwisara (Myanmar). However, only three parameters were non-overlapping between these two and Lates calcarifer. Also, for doing their morphometric analysis, 2, 3, and 27 specimens of Lates lakdiva, Lates uwisara, and Lates calcarifer, respectively, were used with the latter representing Bangladesh, Western India, SE Asia, and Australia in the study.
Our molecular evidence, however, points to a possible misclassification of these particular specimens. This is since specimens from Bangladesh and Western India had the same barcode as fishes from Myanmar, but at the same time they were sufficiently distinct from the individuals from SE Asia and Australia. Further, considering the putative allopatric constraints, it is unlikely that the Asian seabass from Western India, SE Asia and Australia is a single species (Lates calcarifer), but the ones from Sri Lanka (Lates lakdiva) and Myanmar (Lates uwisara) are two distinct species. In fact, although our morphometric analyses do identify a few differences between the two groups identified as distinct species based on our mitochondrial sequence evidence (Indian region and SE Asian/Australian region), however the differences are not very well defined and can at best classify a majority (and not all) of the individuals from the two genetic groups. This could reflect a possibility that the above two groups are "sibling species," akin to many fish species where species identity is based solely on molecular evidence (due to the lack of distinct morphological differences). In our case too, we observed unambiguous differences at the sequence level, which are distinct enough for diagnosing the individuals from the two groups to be separate species. We have not extended the species name given by Pethiyagoda and Gill (2012) to the species identified in this study as our conclusions are based on different methods of species identification. Future investigations will be required to elucidate their nomenclature.
A study aimed to look at the extent of relatedness across 35 marine fishes with a vast-ranging distribution spanning the Australian and South African waters of the Indian Ocean, found a wide range of sequence divergence (0.05-16.2%; COI). More than 30% of the species tested showed sequence divergence deep enough to be classified as species complex ). Due to a substantial number of new species identified by molecular systematic and taxonomic studies, the likely scenario could be that marine diversity is grossly underestimated currently and many more new species would be revealed on closer examination, this, being especially true for species under allopatric effect.
THE PRESENCE OF INDIAN "TYPE" ASIAN SEABASS IN THE WILD-CAUGHT POPULATIONS FROM SOUTHEAST ASIA COULD BE AN INDICATION OF TRANSLOCATION RATHER THAN MIGRATION?
Though the Indian region/Myanmar "type" of Asian seabass was detected in all the three wild populations from SE Asia (Malaysia, Thailand and Indonesia), the latter were never found in the Indian region/Myanmar population. Three likely scenarios could possibly explain the presence of the Indian region type individuals in the SE Asian populations. Firstly, it could be due to migration, the extent of which are not known to us. The second possibility could be on account of unrecorded translocations from the Bay of Bengal/Andaman Sea to the South China Sea. Increased cultivation and cross-country translocation have been previously recognized as the main contributing factors resulting in the movement of Lates calcarifer specimen across various geographic locations even in spite of the apparent reproductive constraints. This is especially prevalent in countries such as Malaysia, Thailand, India and Sri Lanka and seems to be the most likely cause for the fish from the Indian region being found in Thailand as well as other locations in the South China Sea (Pethiyagoda and Gill, 2012) . Thirdly, it is also possible that the distribution range of "Indian species" extends to the South China Sea and can overlap with that of the "SE Asian+Australian species." This possibility brings up two interesting questions: (1) What is the relative proportion of the two species on the West coast of Thailand, Malaysia and Indonesia? and (2) To what extent do they hybridize? Additional investigations involving molecular markers or whole genome re-sequencing might help to answer these questions.
A previous effort (Yue et al., 2009 ) to genotype Asian seabass from various SE Asian countries and Australia was based on the assumption that all the individuals belonged to the same species. Due to which, the individuals were not barcoded, but rather assessed for genetic diversity based on 14 microsatellite loci, this resulted in the inability to detect the presence of Indian region "type" fish in the population. The analyses concluded that the wild-caught populations from SE Asia have the highest allelic and genic diversity with maximum seen in Thailand followed by Indonesia, Malaysia and Singapore. This can now be explained more clearly with our current findings; as the population analyzed from Thailand had the highest representation of the Indian region "type" within the tested population (42.3%) compared to the other wild Asian seabass populations studied from Indonesia and Malaysia and hence consequently displayed maximum genetic diversity in the previous study (Yue et al., 2009 ).
